Meibography is used to study morphological changes in the meibomian glands (MGs), and semiquantitative analysis has been used for MG assessment. Here, we conducted a detailed morphometric assessment of MGs using noncontact infrared meibography (NIM) and investigated the relationship between MG morphology and the ocular surface and MG morphology associated with aging and sex in 37 subjects. The MGs in the upper and lower eyelids showed significant correlations in their morphology, with the former having longer ducts than the latter. The mean length of the MG ducts, percent area of MG acini, and number of gland dropouts were significantly correlated with age. The mean length of the MG ducts in the upper and lower eyelids showed negative correlations with the meibum (p=0.043) and fluorescein staining score (p=0.008), respectively. The percent area of MG acini in the upper eyelid showed a positive correlation with tear film breakup time (p=0.012) and negative correlations with tear film lipid layer interferometry and meibum (p=0.005 and 0.002, respectively). The mean length of the male's MG ducts in the lower eyelid was significantly longer than that of the females. (p=0.03) These results indicate that morphometric analysis using NIM may be useful for assessing ocular surface conditions. Morphological Evaluation of Meibomian Glands The Ocular Surface, Clinical Study Page 4 of 18 I. INTRODUCTION Meibomian glands (MGs) secrete lipids into tears, forming a superficial lipid layer that stabilizes the tear film layer. MG dysfunction (MGD) is a major cause of dry eye 1 and is often associated with symptoms of irritation, an unstable tear film, damage to the ocular surface epithelium, chronic blepharitis, contact lens intolerance, and giant papillary conjunctivitis. 2-6 A quantitative evaluation of MG morphology and/or function is important to assess the severity of MGD and the effects of therapeutic interventions. Existing methods for assessing MG status and function include slit-lamp examination of the lid margins, meibometry, 7,8
performed in accordance with the tenets of the Declaration of Helsinki, and informed consent was obtained from all subjects. This study was approved by the institutional review board of Tokyo Dental College.
The examination was performed sequentially as follows: a slit-lamp examination (including fluorescein staining of the ocular surface), TBUT, expression of MG secretion (meibum), tear film lipid layer interferometry (TFLLI), NIM, and Schirmer test I. The fluorescein staining scores for the ocular surface ranged from 0 to 9 points. The ocular surface was divided into three zones: nasal conjunctival, corneal, and temporal conjunctival. A staining score between 0 and 3 points was employed in each zone, with the minimum and maximum total staining scores ranging from 0 to 9 points. The standard TBUT measurement was performed after instillation of 2 μL of 1% fluorescein preservative-free solution into the conjunctival sac with a micropipette. 19 The subjects were instructed to blink several times for a few seconds to ensure adequate mixing of the dye. The interval between the last complete blink and
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The expression of meibum was graded as described by Shimazaki et al. 9 Briefly, to assess obstruction of the MG orifices, digital pressure was applied to the upper tarsus and the expression of meibum was scored semiquantitatively as follows: grade 0, clear meibum, easily expressed; grade 1, cloudy meibum, expressed with mild pressure; grade 2, cloudy meibum, expressed with more than moderate pressure; and grade 3, no meibum expressed even under strong pressure. A single observer (YB) pressed gently on the upper eyelids to express the meibomian lipid.
The NIM apparatus consisted of a slit lamp (RO 5000; Rodenstock, Munich, Germany) with a magnifying power of 12 and an infrared charge-coupled device video camera (XC-EI50;
Sony, Tokyo, Japan). 13 The upper and lower eyelids were turned over and MG morphology observed. We also examined the meiboscore. 13 The digital images obtained by meibography were recorded and analyzed using ImageJ software (Java software program developed by the National Institutes of Health; available at http://rsb.info.nih.gov/ij/). Dynamic images were captured as static images. For the static images, a central area 10 mm in length and 13 mm in width was selected (Figure 1 ). This measurement was selected based on a preliminary morphometric analysis, and we found that examination of the whole eyelid width was not possible in all cases. We measured and calculated the mean value for the length of the five The static image was 10 mm long and 13 mm wide.
Digital meibography images were analyzed using ImageJ software.
Figure 2.
Mean length of the MG duct in each age group.
White and colored bars denote the MG duct lengths in the upper and lower eyelids, respectively. Unsuccessful rate 2 (5.41%) 0 (0%) MG = Meibomian gland ** = p < 0.0001 Table 3 Correlation between morphometric values of meibomian glands and tear film or ocular 
